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© A circuit with hysteresis for power supply voltage detection. 



® A circuit for detecting a power supply voltage is 
disclosed. The circuit includes a series chain of load 
devices, for example MOS transistors (10-18) config- 
ured as diodes, connected between the power sup- 
ply terminal and a drive transistor (21). The gate of 
the drive transistor (21) is biased by a reference 
voltage, so that the drive transistor is on responsive 
to the power supply voltage exceeding the reference 
voltage by the threshold voltages of the load transis- 
tors, plus the threshold voltage of the drive transis- 
tor. The drive transistor (21) drives a chain of invert- 



ers (24-30). the output of one connected to the gate 
of a feedback transistor (32) which has its source-to- 
drain path in parallel with one or more of the load 
devices. Accordingly, once the power supply voltage 
reaches the trip point, one or more of the load 
devices is shorted out by the feedback transistor 
(32) so that the power supply voltage must drop a 
lower voltage than the trip point in order to turn the 
drive transistor (21) off again. The circuit may be 
used in power-up or overvoltage detection. 
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A CIRCUIT WITH HYSTERESIS FOR POWER SUPPLY VOLTAGE DETECTION 



This invention is in the field of integrated cir- 
cuits, and is more specifically directed to a circuit 
for detecting a power supply voltage. • 

Background of the invention 

In integrated circuits, it nnay be useful to have 
a circuit incorporated therein to detect the level of 
a power supply voltage externally applied to the 
integrated circuits. One use of such a detection 
circuit is to detect an overvoitage condition at the 
power supply ternninal. Such overvoitage detection 
is especially useful where certain portions of the 
integrated circuit can be damaged by an overvoi- 
tage condition. For example, in dynamic random 
access memories (dRAMs). the memory cells con- 
sist of metal-oxide-semiconductor (MOS) capaci- 
tors. In order to store a large amount of charge in a 
small surface area of the chip, the thickness of the 
capacitor dielectric is made as thin as possible, for 
example on the order of 10 nm for high density 
dRAMs such as 16 Mbit dRAMs. The potential 
across such thin capacitor dielectrics must, of 
course, be limited so that the capacitor dielectric 
integrity is not damaged by excessive voltage ap- 
plied to the device. Accordingly, such power sup- 
ply voltage detection circuits can be used to dis- 
able sensitive portions of the circuit responsive to 
the power supply voltage having a magnitude 
greater than a certain value. Alternatively, the in- 
tegrated circuit may have a reduced voltage avail- 
able on-chip, so that in the event of the overvoitage 
condition, the reduced voltage can instead be ap- 
plied to the sensitive portions of the chip. 

Such a detection circuit can also be used for 
detecting a power-up state, with the output of the 
detection circuit used to enable other circuitry on 
the integrated circuit chip only after the power 
supply voltage has reached a sufficient voltage. By 
not enabling such other circuitry until after a certain 
point in the power-up sequence, the integrated 
circuit can avoid metastable conditions which can 
arise during power-up. 

Another use of such a circuit in detecting an 
overvoitage condition is to detect when a special 
mode or function is to be entered or performed. 
For example, as described by McAdams et al.. in 
"A 1-Mbit CMOS Dynamic RAM With Design-for- 
Test Functions." J. SoL State Circ. Vol. SC-21. No. 
5 (IEEE. Oct. 1986),"pp-635-42, incorporated herein 
by this reference, an overvoitage condition on an 
input pin (such as a clock or address input pin) can 
be used for selecting a test mode for a dynamic 
RAM circuit. In such a case, the integrated circuit 
responds to the overvoitage condition on the input 



pin by entering a particular functional mode. 

Simple comparator circuits may be used, of 
course, for comparing a power supply voltage to a 
reference value in order to determine a power-up 
5 or overvoitage condition. However, if a single trip 
point is used for both positive-going and negative- 
going transitions of the power supply voltage, small 
variations in the power supply value around the trip 
point voltage, caused by noise or power supply 
70 ripple, for example, would in turn cause the output 
of the detection circuit to oscillate. It is therefore 
preferable that the power supply voltage detection 
circuit have a transfer characteristic which includes 
hysteresis, so that small variations in the power 
;5 supply voltage around a single trip point would not 
cause the detection circuit to oscillate. 

Hysteresis may be provided into such circuits 
by way conventional circuits such as Schmitt trig- 
gers. An example of a circuit for presenting a reset 
20 pulse responsive to a power supply voltage reach- 
ing a certain level, with the circuit including a 
Schmitt trigger, is described in U.S. Patent No. 
4,716,322 issued December 29, 1987, assigned to 
Texas Instruments Incorporated and incorporated 
25 herein by this reference. However, the trip points 
for such circuits generally depend upon transistor 
sizes (e.g., width/length ratio for MOSFETs). and 
the size ratios of certain transistor pairs and groups 
in the detection circuit. Since the W.'L ratios of 
30 modern MOS transistors heavily depend upon the 
patterned and etched size of the gate electrode, 
the hysteresis and operation of such circuits heav- 
ily depend upon the photolithographic manufactur- 
ing capability of the wafer fabrication factory. It 
35 should further be noted that since the gate elec- 
trode for an MOS transistor is generally one of the 
smallest featufe sizes in the device, the patterning 
and etching of the gate electrode is often close to 
the limits of the manufacturing process. Accord- 
40 ingty, such circuits which depend upon relative W/L 
ratios of the transistors depend strongly upon that 
portion of the fabrication technology which is often 
the most difficult to control. 

It is an object of this invention to provide a 
45 power supply voltage detection circuit which has 
hysteresis in its transfer characteristic. 

It is a further obiect of this invention to provide 
such a detection circuit which has trip points which 
do not strongly depend upon transistor sizes, and 
50 the relative sizes of transistors in the circuit. 

Other objects and advantages of the invention 
will be apparent to those of ordinary skill in the art 
having reference to the following specification to- 
gether with the reference. 
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Summary of the Invention 

The invention may be incorporated into a pow- 
er supply voltage detection circuit having a plurality 
of load devices, for example transistors configured 
as diodes, having their conductive paths connected 
in series between the power supply node and a 
drive transistor. The drive transistor has its gate 
connected to a reference voltage. The sum of the 
threshold voltages of the load transistors is used in 
setting the value above the reference voltage that 
the power supply node must reach in order for the 
drive transistor to drive its output node. A feedback 
transistor is connected across one or more of the 
load devices, and has its gate coupled to the 
output node of the drive transistor so that it is 
conductive responsive to the power supply node 
being above the desired trip point. With the feed- 
back transistor in its conductive state, one or more 
of the load devices is shorted out. so that the 
series chain of toad devices is effectively made 
shorter. The voltage of the power supply node 
must then drop below the original trip point in order 
to cause the drive transistor to turn off, creating the 
hysteresis in the transfer characteristic of the cir- 
cuit. 

Brief Description of the Drawings 

Figure 1 is an electrical diagram, in schematic 
form, of a circuit according to the preferred em- 
bodiment of the invention. 

Figure 2 is the transfer characteristic of the 
circuit of Figure 1 according to the preferred em- 
bodiment of the invention. 

Detailed Description of the Preferred Embodiment 



Referring now to Figure 1 . the construction of a 
power supply voltage detection circuit according to 
the preferred embodiment of the invention will be 
described in detail. The circuit of Figure 1 has a 
terminal VEXT. at which the voltage to be detected 
is received. Terminal VREF receives a reference 
voltage against which the voltage at terminal VEXT 
will be measured. The reference voltage at terminal 
VREF is generated by a reference voltage genera- 
tion circuit, such as a conventional bandgap volt- 
age reference circuit. 

Terminal VEXT corresponds to the terminal 
which receives the applied voltage that is to be 
compared by the circuit of Figure 1 in order to 
determine if it has exceeded a particular value. For 
the embodiment described hereinbelow. terminal 
VEXT corresponds to a power supply terminal for 
receiving an externally applied power supply volt- 
age, and the description hereinbelow will, accord- 
ingly, refer to terminal VEXT as receiving a power 



supply voltage. It should be noted, however, that 
the circuit of Figure 1 may be used to determine 
an overvoltage condition on another terminal of the 
integrated circuit, for example a clock pin or an 

5 address pin. As noted hereinabove, an overvoltage 
condition on such an input pin can be used to 
enable a particular function or functional mode, 
such as a test mode. Such other uses of the circuit 
of Figure 1 will also benefit from the advantages of 

70 the invention as described hereinbelow. 

For the case where terminal VEXT receives a 
power supply voltage, it should be noted that the 
reference voltage generation circuit will likely also 
be powered by the power supply voltage received 

75 at terminal VEXT, and accordingly the circuit of 
Figure 1 will likely be operable within a range of 
voltage VEXT above a certain value (as indicated in 
the transfer characteristic illustrated in Figure 2). 
Accordingly, the circuit of Figure 1 is especially 

20 applicable for detecting an overvoltage condition 
for the externally applied power supply voltage, 
since the reference voltage at terminal VREF 
(which the voltage at terminal VEXT must exceed 
in order to reach the overvoltage condition) can be 

25 sufficiently high so that the logic in the detection 
circuit is operable. However, conventional reference 
voltage generator circuits, such as bandgap refer- 
ence circuits, can produce a stable reference volt- 
age at reduced power supply bias voltages, as is 

30 well known in the art; accordingly, the circuit of 
Figure 1 can also be used for power-up detection, 
as well. 

Terminal VEXT is connected to the source and 
substrate node of a p-channel transistor 10. P- 
35 channel transistor 10 has its gate tied to its drain. A 
series of p-channel transistors 12. 14. and 16 are 
connected in series with p-channel transistor 10. all 
similarly configured (i.e., each with its substrate 
node tied to its source, and its gate tied to its 
40 drain). The configuration shown in Figure 1, where 
the substrate nodes of transistors 10. 12, 14 and 1 6 
are tied to their sources is preferred in this embodi- 
ment, as such a configuration will result in a con- 
stant threshold voltage for the transistors. It should 
45 be noted that the substrate nodes of transistors 10. 
12. 14 and 16 can alternatively be biased by an- 
other voltage, for example the voltage at terminal 
VEXT. However, due to the body effect, such con- 
nection would result in the threshold voltage of 
50 transistors 10. 12. 14 and i6 varying with the 
voltage at terminal VEXT. 

P-channel transistors 10. 12. 14. and 16 thus 
form a series of transistors operating in the triode 
region, and having current-voltage characteristics 
55 similar to that of a diode, with a voltage drop 
thereacross approximately at the threshold voltage 
of the transistor (hereinafter referred to as Vtp). 
Accordingly, the connection of transistors 10. 12. 
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14 and 16 in Figure 1 is commonly referred to as 
the diode configuration for MOS transistors. In the 
circuit of . Figure 1. the source of the top transistor 
10 is connected to terminal VEXT, and its drain is 
connected to the source of transistor 12. The other 
transistors 14 and 16 are similarly connected drain- 
to-source in series, with the drain and gate of 
transistor 16 at a node 18. The width-to-length 
(W/L) ratios of transistors 10. 12, 14 and 16 are 
preferably the same, and are preferably quite large, 
for example at a value on the order of 100. to 
provide a fast response time for the circuit of 
Figure 1. Of course, smaller sizes for transistors 
10. 12, 14 and 16 could be used, depending upon 
the response time requirements for the voltage 
detection circuit in its particular application. Tran- 
sistors 10. 12. 14 and 16 thus cause the voltage at 
node 18 to have a value which is approximately the 
voltage at terminal VEXT less, in this example, the 
sum of the threshold voltages transistors 10. 12, 14 
and 16. 

It will of course be apparent that more or fewer 
transistors than the four transistors 10, 12, 14 and 
16 may be used to form the series of load devices, 
with the number of load devices depending upon 
the voltage values, relative to the voltage at termi- 
nal VREF. at which transitions of the output of the 
circuit are desired. In addition, it should be noted 
that other types of load devices, for example sim- 
ple p-n junction diodes, may alternatively be used 
in place of transistors 10, 12, 14 and 16 configured 
as diodes. The choice of diode type will, of course, 
depend upon ease of fabrication and other factors. 

Node 18 is connected to the source of a p- 
channel drive transistor 20. The gate of transistor 
18 is connected to terminal VREF. and the drain of 
drive transistor 18 is connected to the gates of 
transistors 22p and 22n, which form a CMOS in- 
verter. The source of p-channel transistor 22p is 
connected to the potential of terminal VREF. the 
source of n-channel transistor is connected to 
ground, and the drains of transistors 22n and 22p ' 
are connected together in the conventional manner 
for a CMOS inverter. The relative sizes of transis- 
tors 22n and 22p may be set to have the desired 
switching characteristic for the particular circuit ap- 
plication, for example with the width-to-length ratio 
of transistor 22p twice that of transistor 22n. due to 
the difference in mobility between p-channel and n- 
channel transistors. However, it should be noted 
that the relative sizes of transistors 22n and 22p is 
not of particular importance in practicing the instant 
invention. 

The drains of transistors 22n and 22p are con- 
nected to the input of CMOS inverter 24. CMOS 
inverter 24 is similarly constructed as the inverter 
formed by transistors 22p and 22n. and is prefer- 
ably biased by the voltage at terminal VREF. The 



output of inverter 24 is connected to the gates of 
transistors 26p and 26n. which form another CMOS 
inverter. 

In the inverter formed by transistors 26p and 

5 26n, the source of transistor 26p is biased by the 
voltage at terminal VEXT. the source of transistor 
26n is connected to ground, and the drains of 
transistors 26p and 26 connected together. It is 
preferable, in this embodiment, that the width-to- 

70 length ratio of transistor 26n be much larger than 
the width-to-length ratio of transistor 26p. For ex- 
ample, transistor 26n may have a W/L of about 15, 
while the W/L ratio of transistor 26p may be on the 
order of 4. The relatively small size for transistor 

15 26p is preferred in this example since inverter 24 is 
biased by the voltage at- terminal VREF while the 
source of transistor 26p is biased by the voltate at 
terminal VEXT. Since the voltage at VEXT exceeds 
the voltage at VREF when the voltage at VEXT has 

20 passed the positive-going trip point, transistor 26p 
will have a higher voltage at its source than at its 
gate, and Will likely not turn off in this state. The 
small size of transistor 26p thus provides reduced 
DC power dissipation through the inverter formed 

25 by transistors 26n and 26p, when the voltage at 
terminal VEXT has exceeded the positive-going trip 
point. 

The drains of transistors 26n and 26p are con- 
nected to the input of an inverter 28. which is 
30 biased by the voltage at terminal VEXT. The output 
of inverter 28 is connected, in turn, to the input of 
inverter 30, which is also biased by the voltage at 
terminal VEXT. The output of inverter 30 serves as 
the output of the circuit, driving terminal OUT. 
35 Inverters 28 and 30 serve as buffers for the output 
of the circuit, and to set the logical output of the 
circuit relative to whether or not the external volt- 
age at terminal VEXT is over the desired threshold. 
In this embodiment, a low logic level- signal is 
40 desired at terminal OUT responsive to the voltage 
at terminal VEXT exceeding a defined value great- 
er than the voltage at terminal VREF. as will be 
described hereinbelow. 

According to this embodiment of the invention, 
45 p-channel transistor 32 provides feedback to the 
series chain of transistors 10. 12. 14 and 16. The 
source and substrate node of transistor 32 is con- 
nected to the source of one of the transistors in the 
chain, in this case transistor 14. The drain of tran- 
50 sistor 32 is connected to the source of another 
transistor in the chain, in this case the source of 
transistor 16. The gate of transistor 32 is connected 
to a point in the output buffer chain in such a 
manner that transistor 32 is conductive responsive 
55 to the voltage at terminal VEXT being above the 
desired threshold. In this example, the gate of 
transistor 32 is connected to the drains of transis- 
tors 26p and 26n. 
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The purpose of transistor 32 is to change the 
electrical length of the series chain of transistors 
10, 12, 14 and 16, responsive to the voltage at 
terminal VEXT, In the example of Figure 1, when 
transistor 32 is conductive, transistor 14 is shorted 
out by transistor 32. so that only three transistors 
are electrically in series between terminal VEXT 
and node 18. instead of all four transistors 10. 12. 
14 and 16 which are electrically in series when 
transistor 32 is off. Of course, the source-to-drain 
path of feedback transistor 32 can alternatively be 
connected across a different one of transistors 10. 
12, 14 and 16 to achieve the same hysteresis 
effect as will be described hereinbelow. In addition, 
feedback transistor 32 may be connected across 
more than one transistor 10. 12. 14 and 16 in the 
chain, if the hysteresis loop in the transfer char- 
acteristic is desired to be wider. 

The source/drain path of n-channel transistor 
21 is connected between the drain of transistor 20 
and ground. The gate of transistor 21 receives the 
reference voltage, shown by terminal VREF. The 
purpose of transistor 21 is to ensure that the node 
at the gates of transistors 22p and 22n is fully 
discharged when the voltage at terminal VEXT is 
below the detection value. In the case where the 
circuit of Figure 1 is intended to detect an overvol- 
tage condition at terminal VEXT {i.e.. a power sup- 
ply voltage above the specified operating voltage), 
transistor 20 will remain in the off condition and 
transistor 21 will be conductive, so that the logic 
state at the gates of transistors 22n and 22p is at a 
defined low level. Since transistor 21 remains on 
even when transistor 20 is on (i.e., when an over- 
voltage condition is detected), due to its gate being 
at the reference voltage at VREF, the W/L ratio of 
transistor 21 is preferably much smaller than the 
W/L ratio of transistor 20. tn the preferred embodi- 
ment, the W/L ratio of transistor 20 is on the order 
of 100. while the W/L ratio of transistor 21 is on the 
order of 0.05. This small W/L ratio for transistor 21 
thus minimizes the DC current drawn from terminal 
VEXT through transistors 10. 12, 14. 16. 20 and 22 
to ground. 

The operation of the circuit of Figure 1 will now 
be described, with reference to the transfer char- 
acteristic of Figure 2. For purposes of this descrip- 
tion, the transfer characteristic of Figure 2 begins 
with the voltage at terminal VEXT having a value 
VA which is sufficient to cause the reference volt- 
age generator circuit (not shown in Figure 1) to 
place a reference voltage VREF* at terminal VREF 
which remains substantially at the value VREF' for 
power supply voltages above VA. 

Transistor 20 will remain in the off state until 
the voltage at its drain, i.e.. at node 18. exceeds 
the voltage VREF' at its gate by the value of the 
threshold voltage of transistor 20. Since p-channel 



transistor 20 is preferably enhancement mode, the 
absolute value of the threshold voltage of p-channel 
transistor 20 will be hereinafter referred to as Vt20: 
of course, a depletion mode device may alter- 

5 natively be used for transistor 20, with the appro- 
priate change in the behavior of the circuit. How- 
ever, since there are four transistors 10, 12. 14 and 
16 in series between terminal VEXT and node 18, 
the voltage at node 18 is at a value approximately 

70 the voltage at terminal VEXT less the threshold 
voltages of the transistors in the series chain, which 
in this case is 4Vtp. Therefore, transistor 20 does 
not turn on until the voltage at terminal VEXT 
reaches the value: 

75 VREF + 4Vtp + Vt20 

With transistor 20 in the off-state, which is the 
case with the voltage at terminal VEXT at the value 
VA in Figure 2. transistor 21 pulls the voltage at the 

20 gates of transistors 22n and 22p to ground. This 
places the voltage VREF', biasing the source of 
transistor 22p, at the input to inverter 24. The 
output of inverter 24 is thus driven to ground, which 
turns on transistor 26p and turns off transistor 26n. 

25 The voltage at terminal VEXT is thus presented to 
the gate of transistor 32, keeping it in the off-state. 
Additionally, by the action of inverters 28 and 30 
responsive to the voltage at the drains of transis- 
tors 26p and 26n being at VEXT. the voltage at 

30 terminal VEXT appears at the terminal OUT. Ac- 
cording to this embodiment, this corresponds to a 
high logic level and indicates to the remainder of 
the integrated circuit within which the circuit of 
Figure 1 is incorporated that the power supply 

35 voltage applied to terminal VEXT is below the trip 
point. As shown in Figure 2. in this regime of the 
transfer characteristic, the voltage at terminal OUT 
follows the voltage at terminal VEXT. since the 
external power supply voltage is biasing inverter 
40 30. 

When'lhe external power supply voltage at 
terminal VEXT reaches the value VREP + 4Vtp + 
Vt20, the voltage at node 18 (the source of transis- 
tor 20) is sufficiently high that transistor 20 turns 

45 on. This causes the voltage at the gates of transis- 
tors 22p and 22n to be at the value VREF' + 4Vtp 
+ Vt20 which, in this preferred embodiment, is 
above the threshold voltage of transistor 22n so 
that the drains • of transistors 22n and 22p are 

50 pulled to ground potential through transistor 22n. 
This causes the output of inverter 24 to go to the 
value VREF'.. which also is above the threshold 
voltage of transistor 26n, making transistor 26n 
conductive and transistor 26p substantially non- 

55 conductive. 

Upon transistor 26n turning on. the input of 
inverter 28 is pulled low so that, via inverter 30. the 
• output of the circuit at terminal OUT is pulled low 
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(to VOL for the inverter) as shown in Figur 2. The 
low logic level at terminal OUT thus connnnunicates 
that the external power supply voltage has reached 
the overvoltage trip point of VREF' + 4Vtp + Vt20. 
and the remainder of the Integrated circuit which is 
responsive to terminal OUT can respond accord- 
ingly. 

tn addition, once transistor 26n has been 
turned on by the output of inverter 24, the gate of 
transistor 32 is pulled toward ground. This turns p- 
channel transistor 32 on. so that the source and 
drain of transistor 14 in the series diode chain are 
shorted together through transistor 32. This re- 
duces the voltage which is required at terminal 
VEXT, in order for transistor 18 to remain on, by 
the threshold voltage of the transistors shorted out 
by transistor 32. In this case, since one transistor 
14 is shorted out by transistor 32, the voltage at 
which terminal VEXT can remain to keep transistor 
20 on. and in turn to keep the voltage at terminal 
OUT in the low logic level, is: 
VREP 3Vtp + Vt20 

Therefore, as the voltage at terminal VEXT drops 
from the value VB, which is above VREP + 4Vtp 
+ Vt20. the voltage at terminal OUT will remain 
low until the voltage at terminal VEXT drops to the 
value VREF' + 3Vtp + vt20. At this point, the 
voltage at terminal OUT will again substantially 
follow the value at terminal VEXT. as shown in 
Figure 2. 

The circuit of Figure 1. according to the pre- 
ferred embodiment of the invention, thus provides 
a power supply voltage detection circuit which has 
hysteresis in its transfer characteristic. This hyster- 
esis reduces the possibility that small variations in 
the applied voltage around the trip point do not 
cause oscillations at the output of the circuit which, 
especially for the applications of this circuit to 
power-up and overvoltage detection, would render 
unstable the operation of the integrated circuit chip 
within which the circuit of Figure 1 is incorporated. 
For the circuit described relative to Figures 1 and 
2. the variations in the power supply voltage ap- 
plied to terminal VEXT would have to be on the 
order of one Vtp (e.g.. around 0.7 V). in order to 
potentially cause oscillation. 

The circuit of Figure 1 also provides such 
hysteresis in a manner which is not dependent 
upon relative device sizes, and ratios of device 
sizes. The amount of hysteresis depends upon the 
threshold voltage of the number of transistors 
which feedback transistor 32 shorts out upon VEXT 
reaching the positive-going trip point level. As is 
well known in the art. the threshold voltage of a 
MOS transistor, such as transistors 10. 12. 14 and 
16, does not strongly depend upon the transistor 
channel length (except for very short channel- 
length transistors, such as below one micron), but 



instead depends more on the doping level of the 
wells and upon the dose of a threshold adjust ion 
implant, both of which are readily controllable in 
modern technology. Even for relatively long chan- 

5 nel length transistors, however, the W/L ratio of the 
transistor strongly depends upon the patterned and 
etched dimensions of the gate which often, for 
modern integrated circuits, correspond to the mini- 
mum feature size achievable by the particular man- 

70 ufacturing process. 

In this embodiment, the preferred channel 
length for transistors 10. 12. 14 and 16 is on the 
order of 2.0 microns. Since the hysteresis is de- 
fined by the threshold voltages of transistors 10, 

75 12. 14 and 16, and since the threshold voltage of 
transistors having such a channel length does not 
strongly vary with variations in the physical width of 
the gate electrode, the hysteresis of the circuit of 
Figure 1 is more controllable relative to conven- 

20 tional circuits in which the hysteresis depends 
upon device sizes and ratios. Furthermore, it 
should be noted that the width of the hysteresis in 
the transfer characteristic can be easily selectable 
in the design of the circuit of Figure 1. by deter- 

25 mining the number of transistors shorted out by the 
feedback transistor 32. 

Although the invention has been described in 
detail herein with reference to its preferred embodi- 
ment, it is to be understood that this description is 

30 by way of example only, and is not to be construed 
in a limiting sense. It is to be further understood 
that numerous changes in the details of the em- 
bodiments of the invention, and additional embodi- 
ments of the invention, will be apparent to. and 

35 may be made by. persons of ordinary skill in the 
art having reference to this description. Such 
changes can include, without limitation thereto, the 
use of opposite conductivity type transistors from 
those shown, the use of n-chan.nel or p-channei 

40 transistors only rather than CMOS, and the use of 
an n-channeriransistor for feedback transistor 32 
(with its gate connected to the next prior or suc- 
ceeding inverter in the chain). It is contemplated 
that such changes and additional embodiments are 

45 within the spirit and true scope of the invention as 
claimed below. 

Claims 

50 1. A voltage detection circuit, comprising: 

a plurality of load devices connected in se- 
ries between a terminal and a compare 
node; 

a drive transistor having its gate coupled to 
55 a reference voltage and having its source- 

to-drain path connected between said com- 
pare node and a drive node: and 
a feedback transistor having its gate coup- 
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led to said drive node, and having its 
source-to-drain patH connected in parallel to 
a load device, so that the load device in 
parallel with its source-to-drain path is short- 
ed out by said feedback transistor when 
said feedback transistor is conductive. 

2. The circuit of claim 1. wherein said load de- 
vices comprise diodes. 

3. The circuit of claim 1. wherein said load de- 
vices each comprise a MOS transistor having 
its gate coupled to its drain. 

4. The circuit of claim 1 , further comprising: 

a discharge transistor, having its source-to- 
drain path connected between said drive 
node and a common potential, and having 
its gate coupled to said reference voltage. 

5. The circuit of claim 4, wherein the width-to- 
legnth ratio of said discharge transistor is sub- 
stantially smaller than that of said drive transis- 
tor. 

6. The circuit of claim 1 , further comprising: 

a buffer having its input coupled to said 
drive node; wherein said gate of said feed- 
back transistor is coupled to said drive node 
by said buffer. 

7. The circuit of claim 1, further comprising: 

an output buffer, having its input coupled to 
said drive node and having an output, said 
output buffer biased by the voltage at said 
terminal. 

8. The circuit of claim 1, wherein said source-to- 
drain path of said feedback transistor is con- 
nected in parallel to a plurality of load devices. 

9. The circuit of claim 1, wherein said feedbadk 
transistor is conductive responsive to said 
drive transistor being conductive. 

10. A voltage detection circuit, comprising: 

a plurality of load devices connected in se- 
ries between a terminal and a compare 
node; 

a drive transistor of a first conductivity type 
having its gate coupled to a reference volt- 
age, and having its source-to-drain path 
connected between said compare node and 
a drive node: and 

a feedback transistor having its source-to- 
drain path connected in parallel with a load 
device, and having its gate coupled to said 
dnve node in such a manner that the 
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source-to-drain path is conductive respon- 
sive to the voltage of said terminal exceed- 
ing a first value. 

11. The circuit of claim 10. wherein said drive 
transistor turns on responsive to the voltage of 
said terminal exceeds said first value. 

12. The circuit of claim 11. wherein said drive 
transistor turns off responsive to the voltage of 
said terminal falling below a second value, said 
second value differing from said first value due 
to said feedback transistor shorting out said 
load device. 



75 



13. 
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14, 
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15. 



The circuit of claim' 12, wherein the source-to- 
drain path of said feedback transistor is con- 
nected in parallel with a plurality of load de- 
vices. 

The circuit of claim 10. wherein the source-to- 
drain path of said feedback transistor is con- 
nected in parallel with a plurality of load de- 
vices. 

The circuit of claim 10. wherein each of said 
load devices comprise a MOS transistor having 
its gate connected to its drain. 
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16. The circuit of claim 10, wherein each of said 
load devices comprise a diode. 



17. The circuit of claim 10. further comprising: 

a discharge transistor, having its source-to- 
35 drain path connected between said drive 

node and a common potential, and having 
its gate coupled to said reference voltage. 



18. 
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The circuit of claim 17. wherein the width-to- 
length ratio of said discharge transistor is sub- 
stantiafly smaller than that of said drive transis- 
tor. 
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